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Question Answer Marks Guidance 

3 
( ) 1d

cos cos sin ( 1) ( sin (2(1) 1)cos )
d

= − = − − −x x x x x x x x
x

 
B1 Checks base case using product rule. 

 
Assume true for =n k , so ( ) ( ) ( )

2 1

2 1

d
cos 1 sin (2 1)cos

d

−

−
= − − −

k
k

k
x x x x k x

x
 

B1 States inductive hypothesis.  

 
Then ( )

2

2

d
cos ( 1) ( cos 2 sin )

d
= − +

k
k

k
x x x x k x

x
 

M1 A1  Differentiates once.  

 
( ) ( )

2 1

2 1

d
cos ( 1) sin cos 2 cos

d

+

+
= − − + +

k
k

k
x x x x x k x

x
 

 ( )( )1( 1) sin 2 1 cos+= − − +k x x k x   

M1 A1 Differentiates again.  

 So, it is also true for 1= +n k . Hence, [by induction], 

( ) ( ) ( )
2 1

2 1

d
cos 1 sin (2 1)cos

d

−

−
= − − −

n
n

n
x x x x n x

x
 is true for all positive integers. 

A1 States conclusion.  

  7  

    

Question Answer Marks Guidance 

4(a) ( )1
2

2 1 1= +  = −y x x y   B1 Correct substitution used in equation. 

 ( ) ( ) ( ) ( )
21 1 1 1

16 8 4 2

4 3
1 1 1 1 1 0− + − + − + − + =y y y y   

( ) ( ) ( ) ( )21 1 1 1
16 4

4 3 2 3

8 2

24 6 4 1 3 3 1 2 1 1 1 0− + − + + − + − + − + + − + =y y y y y y y y y y  

M1 A1 Expands. 

 1 1 1 1 11
16 8 4 8 1

4

6

4 3 2 3 20 2 4 2 11 0− + + + =  − + + + =y y y y y y y y   A1 Simplifies, AG. 

  4  
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4(b) 2
2 2 2(4)= −S  M1 Uses 

2 2 2 2 2)

)

(

2(

       

     

+ + +

+ + +

+

+

+

+

= +

+
  

 
2 4= −S   A1  

  2  

4(c) 
4 3 2 12 4 2 44 0− + + + =S S S S   M1 Sums over roots. 

 
4 76= −S   A1  

  2  

    

Question Answer Marks Guidance 

5(a) 5 5

0 1 2 2 ~ 2

1 3 1 1 1

−   
   

= −   
   −   

i j k

  

M1 A1 Finds perpendicular to 1 .  

 ( ) ( ) ( )5 3 2 1 1 14− − − + − = −  M1 Uses point on 1.  

 5 2 14− + = −x y z   A1  

  4  
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6(d) ( )4 2 2 23sin sin4 = −r rr r   

3

3

3
4= −

y y
r

r r
 

M1  

 

Uses sin=y r  

 ( ) ( )
2

2 2 2 23+ = −x y y x y   
M1  Uses 

2 2 2= +r x y   

  A1 Rearranges to a form with no fractions. 

  3  

    

Question Answer Marks Guidance 

7(a) 3 31 1
2 2 2 2

5, 5= − − = − +x x   B1  Vertical asymptotes. 

 0=y   B1 Horizontal asymptote. 

  2  

7(b) 

( )

2

2
2

d ( 3 1)(1) ( 2)(2 3)

d 3 1

+ + − + +
=

+ +

y x x x x

x x x
  

M1 
Finds 

d
.

d

y

x
  

 2 4 5 0+ + =x x   M1 Sets equal to 0 and forms quadratic 
equation. 

 Discriminant is 
24 20 4 0− = −   so no real roots.  A1 AG 

  3  

1
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7(c)  

 
 

B1 Axes and asymptotes labelled.  

B1 Correct shape and position.  

B1 States coordinates of intersections with 

axes, ( )0,2 and ( )2,0 ,−  may be seen on 

diagram. 

  3  

y

x

2
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7(d)  

 
 

B1FT FT from sketch in part 7(c) 

B1 From a correct graph and with correct 

shape at ( )2,0− . 

  2  

7(e) 
2

2
2

3 1

+
=

+ +

x

x x
 or 

2

2
2

3 1

+
= −

+ +

x

x x
  

22 5 0− − =x x  or 
2 02 47+ + =x x  

M2 Finds critical points, award M1 for each 

case. 

 5
2
, 0= − =x x  or 7 71 1

4 4 4 4
17, 17= − − = − +x x   A1  

 7 5 71 1
4 4 2 4 4

17 , 17 0− −   − − +  x x  , 3 1
2 2

5−x  A1 7 31 1
4 4 2 2

17 5,− −   − −x  

3 51
2 2 2

5 ,− −   −x  

7 31 1
4 4 2 2

17 5,− +   − +x  

3 1
2 2

5 0.− +  x  

  4  

 

y

x
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5(a)(i) ( ) ( ) ( ) ( ) ( )1 1 1 1 1 1
4 6 4 6 4 6

c πos cos co iπ π π π πs s n sin= +−  

( )1 1 1
4 4 4

2 3 2 6 2= + = +  

B1 Uses cos( ) cos cos sin sin− = +A B A B A B  ,  

Every step must be seen because AG. 

  1  

5(a)(ii) ( ) ( ) ( ) ( ) ( )1 1 1 1 1 1
4 6 4 6 4 6

s πin sin co oπ π π π πs c s sin= −−  

( )1 1 1
4 4 4

2 3 2 6 2= − = −  

B1 Uses sin( ) sin cos cos sin− = −A B A B A B  ,  

Every step must be seen because AG. 

  1  

5(b) Reflection and rotation. B1  

 Correct order. B1 Reflection then rotation. 

 Reflection in the x-axis. B1 Accept reflection in 0=y . 

 A rotation, 1
12
π  [anticlockwise] about the origin.  B1 Accept 15°. 

  4  

4
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5(c) 
( ) ( )

( ) ( )

( ) ( )

( ) ( )

1
1 1 1 1
4 4 4 4

1 1 1 1
4 4 4 4

6 2 2 6 6 2 6 2

6 2 6 2 2 6 6 2

−
   + − + −
   =
      − + − +
   

 , 

1
1 0 1 0

0 1 0 1

−
   

=   
− −   

  

B1 Both correct inverses required. 

 

( ) ( )
( ) ( )

2
π π

π

12 1

12 12
π

cos sin

sin cos

 
 
 − 

 

 ( ) ( )

( ) ( )

1 1
41 4

1 1
4 4

6 2 6 21 0

0 1 2 6 6 2

−

 + −  =   −  − +
 

M   

B1 Correct order of their inverses.  

( ) ( )
( ) ( )

2
π π

1 12

12 12

1

π π

cos sin1 0

0 1 sin cos

−
  
 =   − −  

M  

Or 4

4

1
1

1

0 6 2 6 2

0 2 6 6 2

−
   + −

=    − − +  

M  

  2  

5
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5(d) ( ) ( )
( ) ( )2

π π

π
1
π

12 12

1 2

cos sin

sin cos

 
 =
 − 

M   

B1  

 ( ) ( )
( ) ( )

( ) ( )

( ) ( )2

π ππ π

π

12 12

1

π π π

12 12

12 12 2 1

cos sincos sin

sin cos sin cos

   + 
   =    − −    y

x yx

y x
  

B1 FT their M  

Transforms 
 
 
 

x

y
 to 

 
 
 

X

Y
  

 ( ) ( ) ( ) ( )( )π
12 12 12
π π

12
πsin cos cos sin− = +x m x m x mx   M1  Uses =y mx  and =Y mX . 

 ( ) ( ) ( )12 12 1
π

2

2 π πsin 2 cos sin 0+ − =m m   A1 AG.  

( ) ( ) ( )26 2 2 6 2 6 2 0− + + − − =m m  

 ( ) ( ) ( )

( )
12 12 12

12

2 2π π π

π

2cos 4cos 4sin

2sin

−  +
=m   

M1  Applies quadratic formula and ( ) ( )π12

2 2π
12

cos sin 1.+ =  

OE.  

May see ( ) ( ).2 3 6 2= − +  +m  

 ( ) ( )1
π π

122
coseccot = −m   A1 Or 1,    1= − = a b  

  6  

6


